This paper examines the context of online indexing from the viewpoint of three different groups: users, authors, and professional indexers. User tags, author keywords and descriptors were collected from academic journal articles, which were both indexed in Pubmed and tagged on CiteULike, and analysed. Descriptive statistics, informetric measures, and thesaural term comparison shows that there are important differences in the use of keywords between the three groups in addition to similarities which can be used to enhance support for search and browse. While tags and author keywords were found that matched descriptors exactly, other terms which did not match but provided important expansion to the indexing lexicon were found. These additional terms could be used to enhance support for searching and browsing in article databases as well as to provide invaluable data for entry vocabulary and emergent terminology for regular updates to indexing systems. Additionally, the study suggests that tags support organisation by association to task, projects and subject while making important connections to traditional systems which classify into subject categories.
Introduction
The development of information organisation schemes is often related to significant increases in the size of document collections. The invention of writing and the subsequent recording of information created the first sets of documents that needed to be stored for later retrieval. While early writing and information access was restricted to the small group of educated citizens, mass education and mass production have created an increasing amount of information with a resultant interest in locating and using that information. As Eisenstein notes in The Printing Revolution in Early Modern Europe the development of the movable type printing press in the 1500s caused an upsurge in the amount of printed material and provided a pressing need to increase the capacity of organisational systems for documents (Eisenstein 1983 ).
One such shift in the pace and volume of information production is occurring now as academics and researchers increasingly turn to the web to locate articles, often in preprint archives. The increasing existence of open access archives, open access journals and web archives of conference proceedings has increased the availability of research materials prior to and after publication and increased pressure on traditional indexing and organisation systems for organisation and retrieval. The substantial increase in access to information afforded by the Internet has only strengthened the importance of being able to, at once, distinguish between similar documents and locate relevant documents.
The rise of collaborative tagging systems suggests an alternative method for creating indexing systems. In fact, such social bookmarking sites are sometimes touted as a potential solution to the problems of scale inherent in the application of any controlled vocabulary to a large document set and may have the potential to aid in providing the benefits of a controlled vocabulary, which controls for terminological differences, while still allowing the use of natural language vocabulary (Hammond et al. 2005; Morville 2005; Shirky 2005 ). To discover if tags can truly provide a useful replacement or enhancement for controlled vocabularies, it is important to examine whether or not they provide a similar contextual dimension to existing indexing systems.
Social Bookmarking Tools
Social bookmarking is the act of sharing bookmarks by associating a URL with a username and a set of useful labels or tags. Since tags and social bookmarks are public, there is also the potential for sharing amongst groups of users using the same tags or bookmarking the same URLs. Social bookmarking sites have become increasingly popular since their inception in 2003 with delicious.com reporting 5.3 million users in 2008, the most recent statistic provided (http://blog.delicious.com/blog/2008/11/delicious-is-5.html).
CiteULike (http://citeulike.org/) is a social bookmarking service specialised for use by academics who wish to bookmark academic articles for later retrieval. CiteULike was created by Richard Cameron in November 2004 (http://www.citeulike.org/faq/faq.adp). Similar to delicious.com, CiteULike allows users to assign tags to the articles in their library. Users are encouraged to add as many or as few tags as they feel are necessary to help them relocate the article. Since many items bookmarked on CiteULike are journal articles, it is also possible to collect author keywords and descriptors assigned to these same articles. Thus, a comparison can be made between user tags, author keywords and professional indexer descriptors attached to a single article.
Related Studies
Traditional indexing methods have tended to rely on trained indexers to organise and describe information. While indexing of documents has a long history in library science it has not been without controversy. Index terms and controlled vocabularies attempt to improve recall and precision by eliminating the ambiguity inherent in natural languages (and were also the only source of search terms before the advent of full text databases), but often require a large entry vocabulary to allow access to the controlled vocabulary. Users often express admiration of the controlled vocabulary systems but are frustrated trying to match their own vocabulary to that of the thesaurus (Campbell and Fast 2004) . Additionally, there is the issue of inter indexer consistency. Many studies have shown that inter indexer consistency is consistently quite low despite training and a shared context. These results hold true across various forms of media and in various fields (Markey 1984; Chan 1989) . Mathes (2004) notes that one important reason for continuing to seek new methods of generating index terms is the issue of scalability (Mathes 2004) . While traditional professional indexing could be used to increase recall and precision it is expensive to apply and slow.
Automatic indexing is faster, but suffers from many of the same problems as free text search using natural language queries. Tagging is a potential bridge between these two different methods of indexing allowing user terminology and decreasing the cost of indexing by accepting indexer input from the actual users of the documents.
Early studies of tagging (Hammond et al. 2005; Kipp and Campbell 2006) show that tags can be quite different from indexing terms, but some differences between user categories and indexer categories may be simply a matter of the use of standard techniques in indexing such as the use of nouns instead of verbs or the elimination of plurals (Cleveland and Cleveland 1983, 101-102) . Others may relate to the depth of the indexing itself, such as document level indexing versus exhaustive indexing. While users might find indexing of individual chapters of a book very useful, this would be extremely expensive. Additionally, since indexing is designed to be useful to the largest number of users possible, it is difficult to provide task specific indexing.
Subject and topic indexing exposing the essential context or aboutness of the item has been the goal allowing users to locate the item and add their own specific task related terms. Kwasnik (1991) noted the importance of factors that are not subject related in the organisation of personal documents (Kwasnik 1991) . This includes research documents and project related material. Terms such as @toread and cool are used in tagging (Kipp 2007a) but are considered to be too short term, too user centric or too subjective to be included in traditional subject heading or indexing systems. These short term, user specific tags suggest important differences between tagging and professional indexing. Mathes (2004) notes that there are three common groups involved in the assignment of keywords to documents. These three different groups--authors, professional indexers and users-have distinct needs and purposes behind their indexing efforts and thus may be expected to use differing terminologies (Mathes 2004) . Professional indexers, often librarians, assign controlled vocabulary subject headings to an article using their own domain knowledge and training.
Journal authors, who have written an article, may also be expected to assign keywords to their work. In addition to these two traditional groups, a third group of indexers has arisen on social bookmarking sites. Users bookmarking articles on CiteULike are encouraged to tag articles for the purpose of organisation or retrieval.
Both title and author keywords have received relatively little attention in the literature. A few studies have examined author keywords (Schultz, Schultz and Orr 1965; Kipp 2005; Gil-Leiva and Alonso-Arroyo 2007; Kipp 2007b; Strader 2009; Kipp 2011 ) while a few additional studies have examined title keywords (Bloomfield 1966; Voorbij 1989; Frost 1989; Ansari 2005 , Jeong 2009 ). Schultz, Schultz and Orr (1965) examined author keywords and title keywords for 285 biomedical articles submitted for publication and found that author terms were more likely than title terms to match the controlled vocabulary terms. Kipp (2005) examined tags, author keywords and descriptors and found that while many tags matched descriptors or author keywords exactly there were also substantial differences. Gil Leiva and Alonso-Arroyo (2007) compared author keywords to descriptors using 640 abstracts from a variety of journal databases and found that 46% of author keywords matched descriptors when normalised. Strader (2009) compared author keywords and LCSH headings assigned to electronic theses. She found that approximately 37% of author keywords matched LCSH terms exactly and concluded that author keywords would make useful additional access points. Bloomfield (1966) studied simulated machine indexing using title keywords compared to subject headings assigned to journal articles and found that 20% of title keywords and terms from the abstract matched subject headings. Voorbij (1998) compared title keywords of monographs in the humanities and social sciences and descriptors at the National Library of the Netherlands using thesaural relationships for comparison and found that while only 10% of titles corresponded poorly with the content, descriptors were still an asset and resulted in the retrieval of more relevant results. Frost (1989) compared title keywords to Library of Congress Subject Headings and found that the degree of match (from 2-23% exact match between title and subject heading) was strongly dependent on the field of study (science and technical subjects had a higher degree of match). Ansari (2005) examined the degree of exact and partial match between title keywords and descriptors of medical theses in Farsi. She found that the degree of match was greater than 70% (Ansari 2005, 414) . Jeong (2009) compared title keywords and tags on youtube and determined that there was a high degree of match between the two sets of terms, specifically more than 50% of terms were shared between metadata fields. Kipp (2005) compared tags, author keywords and descriptors using library and information science articles tagged on CiteULike. Many tags were found to be related to both the author keywords and descriptors; however, tags were often not part of the thesauri used by the professional indexers and, thus, were not formally linked to the descriptors. Other terms were identical to thesaurus terms or part of the entry vocabulary of the thesaurus itself (Kipp 2005) . Kipp (2011) found that tags were more likely to match author keywords than descriptors (33% of matches were exact matches), although 16% of tag matches to descriptors were exact matches and 19% of author keyword matches to descriptors were also exact matches (Kipp 2011) . The results of both studies suggested that there was sufficient overlap for tags or author keywords to act as entry vocabulary for descriptors or as additional access points to improve retrieval.
A few more recent studies have also compared tagging and controlled vocabularies on academic social bookmarking tools (Lin et al. 2006; Kipp 2007b; Bruce 2008; Good and Tennis 2008; Heckner et al. 2008; Good and Tennis 2009; Trant 2009) . These studies have shown general agreement in their results showing differences between user and professional indexer terminology. Minor differences have been reported between studies suggesting that comparisons between tagging and controlled vocabularies may be affected by field of study (Kipp 2005; Kipp 2007b ). This result matches results from Frost (1989) in which the degree of match between title keywords and subject headings was strongly dependent on the field of study.
This study, therefore, posed the following research questions in order to examine the question of term usage and convergence between tags, keywords and descriptors by exploring the tagging phenomenon as it is growing on CiteULike using articles from biomedical journals.  To what extent do term usage patterns of user tags, author keywords and professional indexer descriptors suggest that professional indexers are merely engaging in essentially the same activities as authors and users, but merely at a more rigorous, thorough and consistent level?  To what extent do term usage patterns suggest that authors and users are engaging in a fundamentally different activity, one that cannot be usefully compared or linked to the activities of professional indexers? This paper reports on the results of an exploratory study of CiteULike (a social bookmarking service) which compared the tags assigned to academic journal articles by users of the CiteULike bookmarking system to descriptors assigned by professional indexers and to author keywords assigned by authors to their own journal articles.
Methodology

Selection of Field of Study, Journals and Descriptors
The prevalence of biological terms in the CiteULike tag cloud at the time of data collection suggested that biology or medicine would be good choices for this study. Journals were selected based on three criteria: relative prominence within the field as defined by the Journal Impact Factor, the presence of author keywords and the potential for collection of descriptors from an online database. Journals selected for this study were chosen because they are: a) biology related, b) require authors to submit keywords for their articles and c) are indexed in PubMed using Medical Subject Headings (MeSH). MeSH is well known and accepted in the biomedical community and PubMed is heavily used to locate articles in the medical and biological sciences and thus provides a useful controlled vocabulary for comparison to tags and author keywords. Two academic journals matching the criteria were chosen for this study:
Journal of Molecular Biology and Proteins. These journals were located manually from journal websites and direct examination of sample articles. CiteULike was chosen for this study as it provides a facility for searching by journal name, something which is not available in similar tools such as Connotea.
Selection of Articles
Tag data for this study was collected from CiteULike between January 12, 2007 and January 24, 2007 via a python script (citeulike.py). Data was stored in a MySQL database for further analysis.
Data collected from CiteULike (see Figure 1 ) included article data and post data. The article data consisted of the article title, authors, source (i.e. journal name, volume number, etc.), publication date, abstract (where available), URL and a list of userids. Post data consisted of an associated articleid, date posted, userid and a list of tags associated with the article. The data for individual posts associated with each article is stored separately in the researcher's database after retrieval, but linked to the article, so that user tag lists can be compared separately but also combined for comparison with author keywords and descriptors.
All articles from the selected journals, which had been tagged on CiteULike by at least one user, were collected. To ensure that all articles from these journals were collected, the python script was designed to collect articles under all common variants of the chosen journal names (e.g. J. Mol. Biol. for Journal of Molecular Biology). These results were parsed to exclude articles which had not yet been tagged by users since CiteULike also provides access to articles from selected journals which have not yet been tagged to assist in the location of new material.
URLs were collected for each article and automatically separated into categories as potential sources of keywords or descriptors. Digital Object Identifiers or DOIs (http://www.doi.org/) were selected by preference as a source of author keywords for journal articles and PubMed URLs were used to locate descriptors (in this case MeSH indexing terms).
Author keywords were collected from online journal databases using the DOI (http://www.doi.org/) collected from CiteULike or, in rare cases, by exact title match using Google Scholar. Professional indexer terms, in the form of descriptors, were located via script access to PubMed (see Figure 2 ). PubMed provides professional indexer assigned controlled vocabulary subject headers for searchers via Medical Subject Headings (MeSH). Where possible, PubMed URLs and DOI URLs were used directly as these are often available directly in the CiteULike metadata, otherwise a script was used to locate PubMed URLs given the DOI, the DOI given the PubMed ID or, in extreme cases, Google Scholar was used to locate articles using the article title and other bibliographic information. A total of 19 items could not be located on PubMed and were excluded from the study.
This resulted in a total of 1083 articles for analysis. Since many articles were tagged by more than one user, this resulted in a total of 1588 posts with tag lists for analysis (Table 1) .
Journal Name Number of Articles Number of Posts
Journal of Molecular Biology 649 931
Proteins 434 657
Total 1083 1588 Table 1 : Journals with author assigned keywords.
Data Analysis
In the end, each article selected for this study had 3 sets of terms (tags, author keywords and descriptors) assigned by three different classes of metadata creators. The data was stored in a MySQL database and preliminary informetrics analysis was done using SQL scripts. Descriptive statistics and basic informetric data were collected to provide a good picture of the scope of the collected data. Additionally, a random sample of articles was selected to have its tags, keywords and descriptors examined for term usage.
A number of measures of analysis were used including: Term comparison involved direct examination of terms used by each group and categorisation of terms which did not seem to be directly subject related. Included in this category were methodological terms, geographical terms, proper names and any other term which was not obviously a subject term.
For the thesaural comparison, user tags, author keywords, and professional indexer assigned descriptors were compared based on a 7 point scale from Kipp (2005) , this scale is similar to that used by Voorbij (1998) in a study of title keywords. While Voorbij examined descriptor correspondence to title keywords, this study examines the correspondence between all three sets of tags using a structured thesaurus (MeSH) to generate similarity comparisons. Where possible, comparisons have been done across all three sets of terms, but where the term (or any related term) is lacking from one set, the other two sets were compared against the 7 categories.
Comparisons using this 7 category system were done by the author.
The following are the categories as modified: (Kipp 2005) .
Results
Authors, Users and Journals
Bibliographic data for a total of 1083 articles was collected from CiteULike. This data set A similar drop off can be seen in the data set when examined based on the number of users who have posted a link to a specific article. In this case, the maximum number of users per article was 14, the minimum 1, and the median 2 ( In fact, the number of users who posted more than one article dropped off quite quickly (799 articles were posted only once, median was 1 post per article). This shows similarities to findings from citation analysis which show that a few articles tend to be highly cited while many others are infrequently cited (Table 3 ). Citation analysis shows that a power law occurs in citations and this study shows that a power law also exists in posting of articles to CiteULike. This suggests another difference from professional indexing in which professionals will index according to their own consistent and exhaustive policies while users may stop indexing after only a few posts.
Tags, Keywords and Descriptors
The total number of descriptors in the sample was found to be extremely high. This is due to the fact that PubMed articles tend to have many descriptors assigned to increase recall and to cover categories such as methodology of the study and user groups studied (Table 4) . A total of 645 tags were used only once in the data set and 185 tags were only used twice.
The median number of times a tag was used in the data set was 1.
In comparison, author keywords were much more diverse with 2548 of the keywords being used only once once in the data set. The maximum number of times a keyword was used was 58, minimum 1 and median 1 ( Out of a total of 2746 unique descriptors, 731 descriptors were used only once and 249
were only used twice. This is a higher reuse rate than that for author keywords.
When examined at the article level, there are similar patterns of usage of tags, keywords and descriptors. While some articles were highly tagged, the majority had only a few tags. The maximum number of tags assigned to an article was 29, minimum 1 and median 2. The article with 29 tags was tagged by 14 users, suggesting that this is still an example of users assigning some 1-3 tags to an article (Table 8) . Similarly, the maximum number of keywords found for an article in the data set was 13, minimum 1, median 5. One reason why the median number of keywords is higher than for tags is due to the fact that many journals have a set number of author keywords they request, often 5 or 6 ( Table 9) . The total number of descriptors used in the data set was 12743, but the number of unique descriptors was only 2746. An examination of the number of descriptors per article shows that many articles had a much larger number of assigned descriptors than either tags or keywords.
The maximum number of descriptors assigned was 36, minimum 2, median 11. This high median suggests that PubMed indexers attempt to provide as broad a list of relevant descriptors as possible to aid in information retrieval (Tables 10-11) . of articles with 1, 2, 3. .. 25 index terms assigned (number of index terms is the total number of unique terms).
The correlation value obtained when comparing authors versus keywords, again, did not show a significant relationship. This is reasonable as journals request a certain number of keywords per article and thus there is unlikely to be a relationship between the number of keywords and the number of authors. The correlation value for users versus tags did show a significant relationship with an R 2 value of 0.619 (p < 0.05). The correlation value for users versus unique tags also showed a significant relationship with an R 2 value of 0.563 (p < 0.05).
These results suggest that there is a significant positive correlation between the number of users and the total number of tags (unique or not) assigned to an article. This result is significant for this data set, but similar results were found in Kipp (2005) and Kipp (2011) with a different data set.
The largest user vocabulary length in the data set was 62, the smallest 1 and the median 2.
This suggests that most users tend to use a small number of tags while a small number of users will use more tags.
When the user vocabulary length is broken down at the individual article level, the largest length was 15 tags for one article (Table 12) . 
Term Usage
Examining the tags from a specific article (788), "Computer modeling 16 S ribosomal RNA", it was noted that 9 tags were applied to the article (Table 13 ). Two of the tags came directly from the title, namely 'rna' and '16s'. It is interesting that taggers chose to use the term 'algorithms' rather than a term like 'computer modeling', which was used for other items in the data set, despite the fact that computer modelling is a term from the title. In fact 'computer modeling' is one of the author keywords for this article and the term 'computer simulation' occurs in the descriptor list. It is worth noting here that while social bookmarking systems like delicious.com offer lists of suggested terms for tagging, CiteULike does not offer any prompting to users to aid them in selecting tags.
Additional terms that do not come directly from the title were 3d, prediction, distance_geometry, bioninformatics, structure and structure_prediction. The term bioinformatics is an excellent example of an extremely generic term for computer modelling and analysis as related to biology, which one would not necessarily expect in the descriptor list since it would likely be a Broader Term. Seen across all three sets of indexing terms are variants on '16s rna'. 
Thesaural Relations
For the thesaural analysis of the second data set, a random sample of 500 articles was selected to be analysed. Again, the most common relationships were Equal, Related Term and Related but not in the thesaurus. Unlike the LIS data set, however, Related Term was more common than Equal. This may be due to the extensive entry terminology and increased number of related terms in the MeSH thesaurus or that there is a substantial vocabulary for this knowledge area, including specialist and non specialist terms, making it less likely that the three indexer groups will converge on the exact same term.
It is worth noting that the prevalence of non matching terms does not indicate that these terms are irrelevant to the article. Most non matching terms were actually completely topical but were simply not used by more than one of the indexing groups. Of the 707 non matches in the sample, 23 or 3% were judged to be Not Related to the subject of the article. This is much higher than the expected incidence of Not Related terms in a standard bibliographic database, but is to be expected in a database with user tags since terms which are not subject related have been shown to be popular when users organise material (Malone 1983; Kwasnik 1991; Kipp 2007a In total, there were 707 Not Related terms and 473 matches in the thesaural comparisons.
Related Term (RT in a thesaurus) 155 matches and Same (identical to the descriptor) at 92 matches were the most common of the thesaural comparisons. There were 164 terms that were Related Not In Thesaurus. This, and the high number of non matches, suggests that while users often use terminology which is somewhat like that used in a thesaurus, they tend not to use the exact terminology of the thesaurus to describe their work. This tends to reinforce the idea that tagging could be very useful in providing an entry vocabulary to the traditional controlled vocabulary, allowing users the benefits of both systems.
Though thesaural relations were less common, many matches did fall into the Same or Related term categories, and some 20% of articles had Narrow Term/Broader Term or Synonym matches as well.
These relationships were less common than the final two non thesaural categories, covering the Related Not In Thesaurus and Not Related categories respectively. In total, the thesaural relations accounted for 309 matches out of 473 total matches or 65% of all matches.
This includes the Same (equivalence) category, Synonyms, Broader Terms, Narrower Terms and Related Terms.
Binary comparisons were more common than trinary comparisons. In total there were 392 binary matches versus 81 trinary matches. The most common trinary relationship was Related Not In Thesaurus, as might be expected. This was also the most common binary relationship (Table 15 ). The number of comparisons per article was somewhat dependent on the length of the term lists for tags, keywords and descriptors. An article with a higher number of tags, keywords and descriptors would have a higher chance of having a larger number of matches and would also likely have more non matches. The maximum number of occurrences of specific matches shows, again, that binary matches are generally more common than trinary matches. The maximum number of matches of any kind per article was 12, the minimum 2 and the median 3 (Table 16) .
Binary Matches Trinary Matches Total Matches
Binary Matches Trinary Matches
Trinary matches involved an index term from each of the three user categories; binary matches only involved terms from two of three categories. While author/professional indexer matches were most common overall, when normalised it proved to be author/user matches in the Same category that were the most common of the matches. Author/user matches were more likely to be thesaural matches while author/professional indexer matches were less likely to be thesaural matches (Table 17) . One potential limitation of this study is that it is impossible to ensure that items tagged by only one person have not been tagged by the article author. Since author/users matches are the most common category of thesaural matches, there remains a possibility that users tagging articles may in some cases actually be the authors of the articles in question. This becomes an issue since authors may have an incentive to promote their articles on CiteULike, an issue which would not occur in a traditional journal database. However, it remains impossible to match a CiteULike user name to the name of an author of an article. Table 17 : Comparison of number of binary matches between user/professional, author/professional and author/user.
User/Professional
Related Tags
Many relationships fell into the 6th category (35%) --Related Not In Thesaurus. This category included relationships that were ambiguous or difficult to fit into categories 1-5, as well as relationships that were not formally listed in the thesaurus but suggested by user tags, author keywords, or PubMed's entry vocabulary. Common relationships included: the relationship between an object and its field of study, the relationship between two fields of study which examine different aspects of the same phenomenon, and the use of a methodology or form of inquiry in a new environment.
Examples of Related Terms include 'structure' (a user tag) and "Models, Molecular" (a MeSH heading from the thesaurus). The link is suggested by entry vocabulary under 'Models, Molecular.' This was a very common relationship in the sample as users chose to use less specific terminology, perhaps because there is a tacit assumption that the article is related to molecules, or proteins, or some other area of study and therefore it is not necessary to add these terms to their own tag lists.
Other examples of Related Terms are the author keyword (and occasionally also user tag) protein-families. This term is related to Proteins in the MeSH thesaurus but is not listed as entry vocabulary. The term is used to refer to relationships between proteins which are not yet included in the thesaurus.
Another example of a set of Related Terms is the relationship between the author keyword 'thermal unfolding' and the descriptor 'Protein Denaturation'. When proteins are heated (subjected to thermal stresses) they break down or denature.
Newer terminology or highly specific terminology for newly discovered structures is created as discoveries are made. Examples of this type of term were found in both user and author terminology. For example, the acronym 'PISEMA' for Polarization Inversion Spin Exchange at Magic Angle was an author keyword related to the descriptor term 'Magnetic Resonance Spectroscopy'. Another example was the author term 'PISA wheels' for a particular form of secondary protein structure, which was represented by the descriptor 'Protein Structure, Secondary'.
This inclusion of newer terms in the user tags can happen faster than it would in a traditional thesaurus or other controlled vocabulary, as one of the goals of a thesaurus is to reproduce the accepted state of knowledge in a field, which leaves the leading edge of the field time to determine standard terminology that will eventually be added to the thesaurus.
Unrelated Tags
Tags, keywords and descriptors falling into the 7th category (Not Related) tended to fall into six basic types: time and task management, geographic or personal, specific details and qualifiers, generalities, emergent vocabulary and other. Since the author of this paper does not want to presume that the thesaurus is inherently superior in its indexing, descriptors that did not match any terms used by the author or users were also placed in this category.
Of the Not Related terms (52 tags, 89 author keywords and 543 descriptors), the majority were subject related but were simply not used by any of the other two indexing groups. Many of these terms were descriptors which the authors or users simply did not use. The large number of subject applicable descriptors which are not matched by tags and author keywords indicates that descriptors continue to provide an important contribution to indexing even if author keywords and user tags are included in the mix.
Terms Frequency
Models, Molecular 26
Animals 20
Molecular Sequence Data 18
Amino Acid Sequence 18
Binding Sites 13 Table 18 : Most common descriptors which did not match author or user terms.
Many terms, especially descriptors, were frequently not matching. Terms such as Models, Molecular would fit into the category of generalities since the term is a quite general term for molecular modelling (Table 18) .
Time and task related terms did not occur in the descriptors at all and were rare in the author keywords. Most time and task related terms were tags. One tag was a specific date '31mar06' while others appeared to be references to projects or groups 'cafasp', 'ORFans', 'refs_ox'. An author keyword used to tag one article was 'drug design' describing the project or purpose of the research. This term was not echoed in the descriptors.
No geographic terms were present in the sample, but two tags that were related to the authors of a paper were located: 'jwm_author' and 'prossnitz'. As well, one non matching tag was found to be the name of a specific pharmaceuticals company from the UK: 'inpharmatica'.
Many examples of specific details and qualifiers were found in the sample. This area is one of the areas in which users, authors and professional indexers often appear to disagree on which aspects of a paper are most important.
Methodology terms were common in all three groups. User terms like 'bioinformatics' were used instead of the MeSH descriptor 'Computational Biology'. Terms that matched on one article would be missing a match on other articles because users or authors did not consider the precise methodology to be an important enough aspect of the work to index. Other examples of methodologies include the descriptor 'Crystallography, X-Ray', the author keyword 'Smith-Waterman' and the tag 'phi_value_analysis'.
Another important group in this category is user groups, in other words the group being studied. This group was also present in Kipp (2005) . However, user group terms were almost entirely descriptors. Examples included 'Animals', 'Humans', and 'Leopard Frog'. This finding is similar to previous studies involving academic journals (Kipp 2005) but is distinct from a study involving articles from JAMA (a professional journal) in which user group terms were more prevalent in the user tags (Kipp 2007b) .
Many descriptors fell into the category of generalities. Terms such as 'Models, Molecular', 'Models, Theoretical', 'Models, Chemical', and 'Models, Biological' are all general descriptors discussing methodologies or domain specific modelling techniques. One user tag fell into this category as well: 'mathematical_model' which was not matched by a similar descriptor, suggesting that while the user was interested in the modelling techniques in the article they were not deemed important enough to be listed in the descriptors.
Also present were terms that constituted emergent vocabulary. One common example of emergent vocabulary was the term bioinformatics. This term represents the melding of computer science/data mining and biology. Although terms do exist in MeSH for this field, notably 'Computational Biology' the term bioinformatics is most commonly used by users. Another common term was 'protein families' used to describe related proteins. This term is also not present in MeSH although it was used by multiple users.
A small set of terms, 22 in total, did not appear to be related to the subject of the article.
These non subject tags have been reported in other studies (Kipp and Campbell 2006; Kipp 2007a ) and were generally time and task related. The system assigned tag 'no-tag' was the most common and occurred 5 times in the sample. A similar tag 'to-be-tagged' occurred 3 times in the sample. Although affective terms were present in the full data set, none were found in the sample.
Discussion and Conclusions
As previously discussed in Kipp (2005) , Kipp and Campbell (2006) and Hammond et al. (2005) , users use some terminology which is rare or completely absent from author keyword lists or descriptor lists. Time and task related terminology were present in the current study as well as earlier studies of academic social bookmarking tools (Kipp 2005; Kipp 2007b; Heckner et al. 2008 ). Terms such as 'to_be_tagged', 'toread' and a number of calendar dates (e.g. 31/03/06, 1998) were found as tags assigned to articles in this data set.
While professional indexers considered geographic location to be an important part of the description of the aboutness of an article, authors and users tended to assume it was somewhat less important than the other contexts of the articles. In many cases this may be true. For example, the difference between an information retrieval study performed in the United Kingdom and one performed in the United States is probably not significant due solely to the difference in geographic location.
Many user terms were found to be Related (Not In Thesaurus) to the author and professional indexer terms but were not part of the formal thesaurus used by the professional indexers and, thus, not formally linked to the professional indexer terms. In some cases this was due to splitting of multiword terms for example 'protein' and 'structures' used separately in the tag lists where they were linked in the thesaurus or the use of abbreviations such as 'PDB' for 'Databases, Protein'. In some cases, this was due to the use of broad terms which were not included in the thesaurus such as information, knowledge, or computers. Heckner et al (2008) also report that many user terms are more general than author or professional terms. In some cases, this was also due to the use of newer terminology (web2.0, folksomonies, tagging) or to differences in approach to a problem (information seeking versus information retrieval).
Terms such as 'human' and 'animal' showed that users tagging biology related articles are extremely interested in methodology and user groups associated with articles. This is distinct from Kipp (2005) where such terms were more common in the descriptors unless they described extremely specific kinds of methodologies, such as 'pubmed-mining' for data-mining of PubMed.
Additionally, taggers assigning tags to academic articles have some specific terminology requirements such as methodology or user group being studied which are not present in the same quantity in studies examining more free form sites such as delicious.com (Kipp and Campbell 2006) .
The differing terminologies of various users groups, frequently discussed in the indexing literature in the guise of entry vocabulary, has also been noted in additional studies of tagging terminology. Trant (2009) examined the terminology used by museum visitors versus museum cataloguers and determined that both sets of terminology provided usable but different views of the object. While users provided terms describing what they saw, cataloguers provided description appropriate to the provenance of the item. Both sets were useful, but came from a different tradition and the study suggests both sets of terms would be useful for search and discovery (Trant 2009 ). Heckner et al (2008) found that 46% of their collected tags were not directly from the text suggesting that user tags are indeed adding "to the lexical space of the tagged resource" (Heckner et al 2008) .
This study has implications for the design of systems for accessing, indexing and searching document spaces. The popularity of Google has demonstrated that users prefer to be able to search for items in a more natural way using one interface to locate items of a varied nature. However, users also express frustration at being unable to locate items or narrow their search results from a huge search set, for example 300 000 hits on Google (Campbell and Fast 2004) . Controlled vocabularies help to narrow a search set to a manageable size, but controlled vocabulary usage can be expensive and may require user training for effective search. Morville (2005) suggests that the beauty of metadata such as controlled vocabularies is that they and tags are not mutually exclusive. He links tagging and controlled vocabularies using Stewart Brand's concept of pace layering. Pace layering refers to the process of constructing a building from the physical building, which changes slowly, to the office supplies and companies which use the building, which change more quickly. Morville suggests that tags will gain their greatest utility as a fast layer on top of the slower layer of controlled vocabularies. (Morville 2005 , 140-1) This study's findings, specifically that 16% of tag matches to descriptors were in the Same category, 11% to Synonyms (often entry vocabulary), 40% to Related Terms, and 29%
to Related Not in Thesaurus, suggest that there are enough commonalities to make links between the fast layer of tags and the slow layer of controlled vocabularies as well as sufficient differences to make it worthwhile to maintain the two separate layers.
Of the Not Related terms, which included terms that were task or project oriented, the majority were subject related but only used by one of the three groups of indexers (professional indexers, authors or taggers). In fact, only 3% of the Not Related terms were judged to be unrelated to the subject of the article. Many descriptors ended up as Not Related terms despite being topically relevant because authors or taggers were less comprehensive in their indexing.
The presence of such a large number of subject applicable descriptors, that where were not matched by all three groups of indexers, suggests rather strongly that descriptors applied by a professional indexer continue to provide an important contribution in the indexing of journal articles by providing comprehensive subject access while the author keywords and user tags provide a potentially more holistic view of the subject relevance of the article including input from researchers from a variety of related fields. The presence of task oriented tags such as @toread indicates that users are blending subject and associated indexing into the system in ways which were not supported by separate OPACs and reference management tools but are supported by social bookmarking tools like CiteULike or newer OPAC interfaces that support social tagging and user annotations.
While a majority of tags (and author keywords) were subject related and many matched terms in the thesaurus, it is important to recognise that many of these matches were to Related Terms and not to the specific descriptors chosen by professional indexers. Additionally, some matches were made to entry vocabulary (Synonyms) and others to the category of Related Not in Thesaurus. The prevalence of matches to terms which are not descriptors, or not yet descriptors in the case of emergent terminology, has implications for search since it highlights the issue of differences between professional indexing vocabulary and user vocabulary. While the issue of user vocabularies has been studied previously, this has not generally resulted in changes to OPACs or article databases. Weinberger (2007) notes that, contrary to the hierarchical tree-like structures of a controlled vocabulary, tagging is more like a pile of leaves with all tags appearing at different levels of specificity from very general to very specific. The mixture of these terms in a flat folksonomy is a far cry from the traditional hierarchical system, but still provides some measure of access at different specificity levels. Rather than attempting to remove or hide the ambiguity, tags display it all and allow the user to select the appropriate level of specificity or generality. (Weinberger 2007, 93-95) Additionally, the tags provide a different kind of organisational system from that found in traditional organisational systems since they include connections to the user who provided the metadata as well as the metadata itself. This personal connection is distinctly different from traditional systems.
The differing terminology used in tag lists suggests that tagging may be a working example of Vannevar Bush's associative trails. He argued that associative trails better represented how users actually work with their documents: by association rather than by categorisation (Bush 1945) . This suggests that user tagging could provide additional access points to traditional controlled vocabularies and provide users with the associative classifications necessary to tie documents and articles to time and task relationships as well as other associations which are new and novel.
Studies showing that author keywords, title keywords and tags provide additional useful terms for search and information retrieval suggest that systems should begin to include these terms in the metadata and provide users with the ability to filter, cluster, sort, search and organise using subject terms assigned by professional indexers, keywords assigned by authors and tags assigned by themselves or other users. At minimum, data from author keywords, title keywords and tags can be invaluable data for updates to indexing systems in terms of entry vocabulary and emergent terminology.
This study demonstrated that while many tags and author keywords are equivalent to descriptors others add additional information, both classificatory and associative, which may be beneficial to users. In addition, the presence of descriptors that are not matched by tags or author keywords demonstrates that descriptors continue to perform a useful function in indexing articles, even when tagging is present. Findings from this study demonstrated that traditional systems need to make better use of their existing indexing languages by allowing users access to broader, narrower and related terms, perhaps especially related terms since matches with tags are so prevalent, when searching and browsing capitalising on the significant investment in subject indexing. Additionally, traditional systems can be enhanced by contributions from article authors and taggers who provide a more expansive picture of the relevance and contributions of articles to a field of knowledge and to related fields. While the collection of author keywords and tags for supplementing descriptors would have been expensive in the past, the increasing move to electronic journal articles can actually be beneficial for subject indexing as it provides access to more information such as author keywords and tags which can enhance the process of knowledge discovery.
